ABSTRACT. In the present study, the quality of frozen-thawed epididymal and testicular sperm recovered from a Siamese Eld's deer was examined. The epididymal sperm quality was assessed in fresh, cold-stored at 4°C and frozen-thawed samples. Zona binding ability of the frozen-thawed epididymal samples with Burmese Eld's deer oocytes was also evaluated. Testicular sperm extracted from tissues frozen at −80 or −196°C for one month were examined for membrane and DNA integrity. Epididymal sperm retained their quality for up to 24 hr of cold storage at 4°C. The percentages of sperm motility, intact membrane, intact acrosome and intact DNA were 30, 46.5, 27 and 89.5% in the frozen and thawed epididymal sperm, and the average ability to bind with oocytes was 92.5 ± 64 sperm/oocytes. Around 70% of the sperm extracted from testicular tissues cryopreserved at −196 and −80°C for one month showed an intact membrane. In conclusion, epididymal and testicular sperm survived for more than 13 hr post-mortem. Furthermore, cold storage at 4°C and cryopreservation at −196 and −80°C maintain the quality of epididymal and testicular sperm. This study represents a model for male gamete rescue in endangered Eld's deer. KEY WORDS: Siamese Eld's deer, sperm collection post mortem, sperm cryopreservation.
Cryotechnology of genetic resources is notable as a potential tool to conserve germplasm of endangered wild species [5] . While ejaculated sperm is recovered from live animals, epididymides and testes are potential major sources of male gametes in animals that die unexpectedly [8] . Live births have been produced using cryopreserved epididymal sperm in many species [10, 15] . In addition, intracytoplasmic sperm injection (ICSI) with testicular sperm was successful in the human [6] . Siamese Eld's deer (Rucervus eldii siamensis) are native to Thailand but have been extirpated in the wild and are found only in captivity [12] . Although production of offspring after intrauterine insemination with frozen-thawed ejaculated Burmese Eld's deer sperm was reported [9] , there are no studies of Siamese Eld's deer reproductive biology. The aim of this study was to evaluate and cryopreserve male gametes recovered from the epididymis and testes of a Siamese Eld's deer that died in captivity.
A two-year-old male Siamese Eld's deer maintained at Dusit Zoo, Bangkok, Thailand, unexpectedly died of an unknown cause at 11:00 pm on January 18, 2009, and was kept in a refrigerator until the next day (10:00 am). The right testis with epididymis was removed, stored in phosphate buffered saline at 4°C and transported to a laboratory within 2 hr. Epididymal sperm was collected by placing the caudal epididymis into 10 ml pre-warmed phosphate buffer saline (PBS), cut into small pieces and incubated at 37°C for 10 min. After epididymal tissues were removed, sperm samples were evaluated for sperm concentration, total number, motility (20× magnification with a phase contrast microscope), morphology (William's staining and formal saline fixation) and integrity of the membrane (SYBR-14/ EthD staining; Molecular Probes Inc., Eugene, OR, U.S.A.) [1] , acrosome (FITC-PNA/PI staining; Sigma Chemical, St Louis, MO, U.S.A.) [1] and DNA (acridine orange staining; Sigma) [14] . Subsequently, sperm sample was divided into three aliquots and allocated to be: 1) cold stored at 4°C for 4, 24, 48 or 72 hr; 2) cold stored at 4°C for 4 or 24 hr prior to a freezing procedure, or 3) cryopreserved in an egg-yolk-Tris extender [3.028 g Tris (BDH Laboratory Supplies, Poole, U.K.), 1.7 g citric acid (BDH Laboratory Supplies), 1.249 g fructose (BDH Laboratories Supplies), 400,000 units penicillin (M&H Manufacturing, Samutprakarn, Thailand), 400 units streptomycin sulphate (M&H Manufacturing), 8% glycerol (v/v) (Sigma) and 20% egg yolk (v/v) in 100 ml distilled water]. For the freezing process, the sperm sample was centrifuged at 600 × g for 10 min. The supernatant was discarded. The sperm pallet was resuspended in extender in order to constitute a concentration of 200 × 10 6 sperm/ml. The extended sperm was equilibrated at 4°C for 4 hr, loaded into 0.5 ml straws, horizontally placed at 4 cm above liquid nitrogen for 10 min and then plunged into liquid nitrogen. For thawing, the straw was submerged in a water bath at 37°C for 30 sec and emptied into a warmed test tube.
The sperm quality (motility and integrity of the membrane, acrosome and DNA) was assessed. Furthermore, the cryopreserved epididymal sperm after 4-hr of cold storage was tested for fertilizing ability by in vitro fertilization (IVF) and zona pellucida binding assay with oocytes collected from a Burmese Eld's deer ovary since the Burmese Eld's deer is classified in the same genus and species as the Siamese Eld's deer. A three-year-old female Burmese Eld's deer maintained at Khao Kheow Open Zoo, Chonburi, Thailand, that died after general anesthesia was used as the oocyte donor for IVF and the zona pellucida binding test. The carcass was kept at ambient temperature (30°C) for 5 hr and at refrigerated temperature for 19 hr prior to ovarian recovery. The ovary was washed three times in normal saline supplemented with 1% penicillin streptomycin (Sigma), placed in warmed oocyte recovery media [containing 50 ml of TCM 199 Hepes (Sigma), 0.4 g bovine serum albumin (BSA Cohn fraction V, Sigma), 0.0292 g L-glutamine (Sigma), 0.0026 g pyruvate (Sigma) and 1% penicillin (v/v) (Sigma)] and mechanically minced. The oocytes were collected under a stereomicroscope (20× magnification), washed three times in fresh recovery media, cultured in in vitro maturation (IVM) media [composed of the same composition as oocyte recovery media except for the addition of 10% follicle stimulating hormone (v/v) (FSH, Sigma) and 10 ng/ml epidermal growth factor (EGF, Sigma)] and cultured in IVM media at 38.5°C under 5% CO 2 . After 24 hr of incubation, cumulus cells were partially removed. The oocytes were washed and cultured in IVF media [composed of 0.6294 g sodium chloride (NaCl, Sigma), 0.0534 g potassium chloride (KCl, Sigma), 0.0162 g potassium phosphate monobasic anhydrous (KH 2 PO 4 , Sigma), 0.21 g sodium bicarbonate (NaHCO 3 , Sigma), 0.0033 g sodium pyruvate (Sigma), 0.0146 g L-glutamine (Sigma), 0.0251 g calcium chloride dihydrate (CaCl 2 .2H 2 O, Sigma), 0.01 g magnesium chloride dihydrate (MgCl 2 .2H 2 O, Sigma), 2% essential amino acids (v/v) (Sigma), 2% non-essential amino acids (v/v) (Sigma), 1% penicillin streptomycin (v/v) (Sigma) and 10% fetal calf serum (v/v) (Invitromex B.P. GmbH, Geilenkirchen, Germany) in 100 ml doubledistilled water]. The oocytes were co-incubated with 1-hr swim-up sperm in IVF media with a final concentration of 2 × 10 6 sperm/ml at 38.5°C under 5% CO 2 . After 18 hr of co-culture, cleavage rates were noted and uncleaved oocytes were stained with 2 µM Hoechst (bisBenzimide H33342 trihydrochloride, Sigma). The number of binding sperm was counted. To cryopreserve testicular tissues, the testis was cut into 1 × 2 × 0.5-cm pieces (width × length × thickness) and divided into three portions. The first portion of the tissue was placed directly in a −80°C freezer for one month. The second portion was directly submerged and cryopreserved in liquid nitrogen. The last portion was stored in an isotonic normal saline supplemented with 1% gentamicin at 4°C for 24 hr prior to directly submerging the tissue into liquid nitrogen (the so-called vitrification). After thawing the samples, the membrane integrity of sperm extracted from testicular tissue was evaluated.
A total of 856 × 10 6 sperm were recovered from caudal epididymides with 95.5 and 34% normal head, and normal mid piece and tail morphology, respectively. In the fresh sperm samples of the epididymis, the percentages of sperm motility, sperm with an intact membrane, sperm with an intact acrosome and sperm with an intact DNA were 20, 43.2, 40.5 and 97%, respectively. After cold storage at 4°C for 4 hr in the extender, the epididymal sperm motility was increased by two fold compared with the original (Table 1) . After 48 hr cold storage at 4°C, motility and acrosome integrity decreased, whereas DNA integrity remained unaffected (Table  1) . Sperm cold stored for 24 hr prior to freezing had similar post-thawed motility and membrane and DNA integrity to that of sperm without cold storage (Table 2 ). However, 24 hr of cold storage prior to freezing resulted in a 50% decrease in post-thawed acrosome integrity compared with that of sperm that frozen after 4 hr of cold storage. After 4 hr of post-thaw incubation, all sperm parameters in both samples were decreased. Fifteen immature oocytes with partial or no cumulus cells were collected from the Burmese Eld's deer ovary. Oocytes at the metaphase II stage indicating oocyte maturation was not observed. The post-thawed epididymal sperm had an average ability to bind with the oocytes of 92.5 ± 64 sperm/oocyte. However, the embryos were not cleaved. The testicular sperm had 81% intact plasma membrane. Freezing of the testicular tissue either at −80 or −196°C for one month did not affect sperm membrane integrity compared with that of fresh samples (Table 3) . This is the first report of male gamete rescue from the endangered Siamese Eld's deer post-mortem. In addition, the capability of post-thawed epididymal sperm to bind with the zona pellucida of the Burmese Eld's deer oocytes was tested in the present study. In this study, the two-fold increase in percentage of sperm motility from initial recovery after resuspension implied that the extender used in this study could restore sperm motility. In contrast, within its environment, the epididymis seemed to inhibit sperm motility, possibly because of some toxic substances produced by a degenerative process post-mortem [8] . Buffering system, appropriate osmolarity and exogenous energy provided by the extender likely facilitate maintenance of mammalian sperm function and viability [16] . In addition, cold storage for 24 hr did not affect the Siamese Eld's deer epididymal sperm motility and membrane and DNA integrity in the present study. This finding was in accordance with the studies in sika and red deer [3, 4] and domestic cats [2] . During 24-hr of cold storage, anti-oxidative mechanism in the sperm cells might neutralize lipid peroxidation, a cause of sperm damage, as was shown in the horse [7] . A degenerative change was observed histologically in the follicles of mice more than 6 hr postmortem, which contributed to the decline in developmental capacity after IVF [11] . This is also the first report illustrating survival of testicular sperm recovered from frozen-thawed Siamese Eld's deer testicular tissue. The findings suggested an alternative freezing method to conserve testicular tissue either at −80°C or in liquid nitrogen. Besides, in the field, where a complete set of freezing equipments was not available, transport of testicular tissue at 4°C was recommended. The retained percentage of membrane integrity observed after 24 hr of cold storage of testicular tissue prior to freez-ing demonstrated that keeping a carcass at low temperature could protect against organ damages caused by degeneration after death. At ambient temperature, degenerative change of the testes was observed within 6 hr post-mortem in mice [13] . Therefore, cold storage of carcass is recommended to minimize autolytic process [8] .
In conclusion, when a wild animal dies unexpectedly, gametes should be rescued and should include not only oocytes and epididymal sperm but also testicular sperm. In addition, when sperm cryopreservation is not immediately possible, male gametes can be cold stored at 4°C for 24 hr while being transported to a laboratory for freezing. The data presented in this paper are valuable as an alternative model for harvesting male gametes from endangered Eld's deer and other cervids post-mortem. Testicular tissues were stored for one month prior to sperm quality evaluation.
